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Learning 
Objectives: The 
Science Behind 
Physical Activity

• Understand the use of METS in 
assessing fitness

• Describe the impact of exercise on 
weight

• Identify the minimum and maximum 
levels of exercise

• Describe the major evidence for the 
physical activity components (Aerobic, 
Strength, Flexibility, and Balance)

• List key physical activity assessment 
tools



The Science of Exercise

• METS and Fitness

• Exercise vs Weight

• What is minimum?

• How much is too much?



MET – Metabolic Equivalent of Task

Definition:

• A Ratio of work metabolic rate to a standard resting metabolic 
rate of 1.0 (4.184 kJ)*kg-1*h-1

• 1 MET is considered a resting metabolic rate obtained during 
quiet sitting.

• Activities are listed in the Compendium as multiples of the 
resting MET level and range from 0.9 (sleeping) to 18 METs 
(running at 10.9 mph).

• Please see reference including website for full list off activities 



Fitness

Definition:

• The ability to carry out daily tasks with vigor and 
alertness

• Wiithout undue fatigue

• With ample energy to enjoy leisire-time pursuits 
and respond to emergencies.

• Physical Fitness Includes:
• Cardiovascular endurance (aerobic power)
• skeletal muscle endurance 
• skeletal muscle strength 
• skeletal muscle power 
• Flexibility 
• Balance 
• speed of movement 
• reaction time 
• body composition 

Centers for Disease Control and Prevention, Physical Activity, Glossary of Terms. 



Low 
Cardiorespiratory 
Fitness (CRF) & 
Mortality 

The Biggest Public 
Health Problem of 
the 21st Century 

Blair SN. Br J Sports Med. 2009;43(1):1-2



Michael Joyner
Standing Up for Exercise: 
Should Deconditioning be Medicalized?

Physical inactivity and lack of exercise –
deconditioning – is one of the most common 
preventable causes of morbidity and mortality… If 
deconditioning were a recognized syndrome or 
diagnosis like hypertension [and] diabetes… it 
would be easier to educate the general public and 
medical community about the universally effective 
treatment for it – exercise training. 

Joyner MJ. J Physiol. 2012 Aug 1;590(Pt 15):3413-4



Exercise vs. 
Weight 
The inverse 
relation 
between PA and 
all-cause 
mortality is 
independent of 
adiposity.

Blair SN. Br J Sports Med. 2009;43(1):1-2



Exercise 
vs. 
Weight
Years of Life Lost, 
if Inactive and 
Overweight 

Moore et al., PLOS Medicine 2012;9:e1001335



What is the 
Minimum?

•What is the minimum 
PA that has benefits? 
•Is there benefit from 
less time but more 
intense PA? 
•What about exercising 
just on the weekend? 
•Does less vigorous PA 
have benefits? 



What is the Minimum for 
Healthy Adults?

• PA & all-cause 
mortality 
(>650,000 
persons)

• “Some is good; 
more is better”

Moore et al., PLOS Medicine 2012;9:e1001335



What is the Minimum CVD Risk?

• 416,175 Individuals

• Main Benefit:

• Relative Risk (RR) 
0.86 for all-cause 
mortality

• 3 Years Longer Life 
Expectancy

Wen CP. et al., Lancet. 2011;378(9798):1244-53



“Weekend Warrior”

• All-cause Mortality among men 
performing PA one to two days per week 

• RR 0.85 compared to sedentary men 

• RR 0.41 compared to sedentary men 
For men without major cardiovascular 
risk factors 

• RR 1.02 among men with at least one 
major risk factor 

Lee IM. Am J Epidemiol. 2004 Oct 1;160(7):636-41



HIIT – High Intensity 
Interval Training

• HIIT: Physical exercise that is 
correct arise by brief, 
intermittent bursts of 
vigorous activity, 
interspersed by periods of 
rest or low-intensity 
exercise. 



HIIT or Miss?

• Low volume HIIT is a potent and time 
efficient training method for inducing: 

• Central (cardiovascular)

• Peripheral (skeletal muscle) 
adaptations 

• The majority of low volume studies 
have utilized short intervention periods 
(weeks).

• Future work involving long-term 
(months to years) interventions in a 
variety of clinical cohorts (DM, CAD) is 
needed 

• Not recommended as starting point for 
sedentary individuals 

Gibala MJ. J Physiol. 2012;590(Pt 5):1077-84



Non-Vigorous 
PA and All-
Cause Mortality

woodcock j et al., Int J Epidemiol. 2011 Feb;40(1):121-38



What is the 
Maximum?

• Is there a dose response?

•How much is enough?

•How much is too much?

• I have an active life. Will I 
have benefit from 
additional exercise?



Ho Much is Enough?

• 1.5 hours/week 
of moderate to 
vigorous PA 
(MVPA) is 
associated with ~ 
20% risk 
reduction of all-
cause mortality

• Additional 
activity

2008 Physical Activity Guidelines for 
Americans, U.S. Department of Health and 

Human Services



Years of Life Gained with 
Physical Activity



Dose Response

• Some is good; more is better

• Vigorous intensity PA is not associated with 
additional risk reduction compared with moderate 
intensity activities 

• No data to clarify dose response relationship for 
duration and frequency of exercise intervals (but 
usually recommend 10-minute bouts)

• It is unknown whether multiple, short bouts of PA 
versus single, long bout are differentially 
associated with all-cause mortality rates 



Adding 
Exercise to 
an Active Life

Mathews CE, et al., AM J Epidemiol. 2007 Jun 15;165(12):1343-50

Figure G1.1 Relative risks of all-cause mortality according to exercise 
and nonexercised activities, Shanghai Women’s Health Study



Sitting

• The prevalence of 
sedentary lifestyle 
is at least twice that 
of smoking, HTN 
and hyperlipidemia 



Sitting Time and All-Cause Mortality

• 222,1497 individuals 45 years or older with mean 2.8 years 
follow-up were studied. 

• Adjusted for PA and other confounders. 

• The population-attributable fraction for sitting with 6.9% 

• The association between sitting and all-cause mortality 
appeared consistent across the sexes, age groups, BMI 
categories, and PA levels and across healthy participants 
compared with participants with pre-existing CVD or 
diabetes mellitus. 

Van der Ploeg HP et al, Arch Intern Med 2012;172(6):494-500



Breaking Up Prolonged Sitting

Overweight /obese adults (n=19), aged 45-65 years 

1. Uninterrupted Sitting

2. Seated with 2-min bouts of light-intensity walking every 20 mins

3. Seated with 2-min bouts od moderate-intensity walking every 20 
mins

Blood glucose and insulin levels were significantly reduced following 
both light and moderate activity breaks compared to persistent sitting.

Dunstan DW et al., Diabetes Care. 2012;35(5):976-83



Adding 
Exercise to 
Prolong Sitting 

Matthews et al. Am J Clin Nutr 2012;95:437-45



A New Paradigm of Inactivity Physiology?

1. Sitting in limiting exercise activity main dependently 
increase the disease risk. 

2. Yes sedentary behavior is a distinct class of behavior 
with specific determinants and effects on disease risk, 
separate from the behavior of leisure-time exercise. Go 
back 

3. people already insufficiently physically active will 
increase the risk even further by prolonged sitting time. 

Ekblom BE, et al. Br J Sports Med. 2010;44(12):834-5



In the future, the focus in clinical practice and guidelines 
should not only be to promote and prescribe exercise, but 
also to encourage people to maintain their intermittent 
levels of non exercise daily activities. 

The NEW Exercise Prescription: 

150 minutes of MVPA weekly + 
Movement throughout the day to avoid 
prolonged sitting 



PA Components: Major Evidence

AEROBIC STRENGTH FLEXIBILITY BALANCE

Katz MH. Arch Intern Med. 2012 Sep 24;172(17):1283-4



Strength Training Benefits

• Reduces risk of injury

• Increases basal metabolic rate

• Reduces fatigue, improves sleep 

• improves performance 

• increases muscle and cross-sectional area 

• improves QOL, strength, endurance and BMD in early post-
menopausal years 

• reduces body fat, maintains weight, improves aesthetic 

• improves lipid profiles and glucose tolerance and control 

• improves heart muscle functioning 

• reduces pain and disability associated with arthritis 



Strength Training & NAFLD

Participants

• Sedentary Adults

• Clinically Defined NAFLD

• 11 intervention, 8 control

Intervention 

• 8 weeks of resistance exercise

Results

• 13% relative reduction in liver lipids

• No effect on visceral adipose tissue 
volume, or whole body fat mass

NAFLD = Non Alcoholic fatty liver 
disease
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Strength Training Guidelines

• Healthy Adults
• At least twice per week

• Healthy Older Adults
• Follow adult guidelines as much as possible

• Children and Adolescents
• Muscle-strengthening activities at least 3 days a 

week
• Bone-strengthening activities at least 3 days a 

week

2008 Physical Activity Guidelines for Americans, U.S. Department of Health and Human Services



Introducing Strength Training
• Commonly, even active patients do not perform resistance 

exercises.

• Muscle Strengthening activity components:
• Intensity: How much weight or force is used relative to how 

much a person is able to lift
• Frequency: How often a person does muscle-strengthening 

activity
• Repetitions: How many times a person lifts a weight

• Initiating Resistance Exercises
• Intensity of 5 or 6 on a 10 point scale that may complete 15 

repetitions before fatiguing



Flexibility Exercise Benefits

• Rat-tail tendon studies: warmer environment 
allows better stretching

• No evidence that stretching reduces risk of 
injuries

• Very limited studies and no consensus 
recommendations

• Hip flexor stretching study: daily stretch 
increases stride length and peak hip extension 
during walking in elderly adults and 

• Reverses lumbar lordosis in healthy young 
runners

Watt JR. PM R. 2011 Apr;3(4): 330-5)



Flexibility Exercise & T2D

Hedge SV et al. Diabetes Care. 2011 Oct;34(10):2208-10



Flexibility Exercise Guidelines

• Adults include a stretching exercise program 
of at least 10 minutes in duration a 
minimum of 2-3 days/week

• Should include the major muscle groups 
of the body

• Four or more repetitions per muscle 
group

• Stretching exercises should be performed to 
the limits of discomfort within the range of 
motion, but no further



Balance Exercise Benefits

Systematic Review:

The effect of fall prevention exercise programs on fall induced 
injuries in community dwelling older adults: 

• 37% decrease in injuries from falls 

• 30% decrease in injuries resulting in medical care 

• 43% decrease in severe injurious falls, and 

• 61% decrease in falls resulting in fractures 

Conclusions: Exercise programs designed to prevent falls in 
older adults also seem to prevent injuries caused by falls, 
including the most severe ones. Such programmes also reduce 
the rate of falls leading to medical care. 

El-Khoury F. et al., BMJ. 2013 Oct 229;347:f6234



Balance Exercise Guidelines

Older Adults

• Older Adults at risk of fall should do balance 
training three or more days a week 

• Do standardized exercises from a program 
demonstrated to reduce falls It’s not known 
whether different combinations of type, amount, or 
frequency of activity can reduce falls to a greater 
degree 

• Tai chi exercises also may help prevent falls 

2008 Physical Activity Guidelines for Americans, U.S. Department of Health and Human Services



Introduce Balance Training

• Start with handhold support 

• exercises can be increased in 
difficulty by progressing from 
holding onto a stable support (like 
furniture) and progress to 
performing exercises without 
support. 

• Further challenge: 

• Attempt standing on unstable 
surface such as foam rubber or 
wobble board 



Physical Activity Assessment Tools

•Talk Test

•Exercise Intensity Tools

•6-Minute Walk Test

•Please see resource section for more 
assessment tools



Intensity Assessment Tools

“Talk Test”

• The Least objective but easiest measure of intensity 
assessment 

• Low intensity: an individual should be able to talk or sing 
while exercising 

• Moderate intensity: talking is comfortable, but singing 
becomes more difficult 

• Vigorous intensity: neither see nor prolong talking is 
possible 

Persinger R. et al., Med Sci Sports Exerc. 2004;36:1632-1636



Jonas S, Phillips EM. Exercise is Medicine: A Clinician's Guide to Exercise 
Prescription. Philadelphia, Pa: Lippincott Williams & Wilkins; 2009:102.

Exercise 
Intensity



Heart Rate for 
Intensity 
Measurement

Jonas S, Phillips EM. Exercise is Medicine: A Clinician's Guide to Exercise 
Prescription. Philadelphia, Pa: Lippincott Williams & Wilkins; 2009:104.



Respiratory Rate for Intensity Measurement

• Breaths Can usually be counted by both an observer and 
the person doing the exercise 

• Probably the best indicator of perceived exertion 

• It is likely that respiratory rate (breaths per minute) may 
serve as the more reliable and valid measure of physical 
exertion in both a research and clinical setting 

Chen MG et al., J Sports Sci. 2002;20(11):873-99.



6-Minute Walk Test

• Exercise Capacity Test

• Billing Code: Stress Testing, 
94620

• Easily Administered test assessing 
patient submaximal level of 
functional capacity, reflective of 
activities of daily living 

• Requires long hallway (30 
meter/100 feet), stopwatch, pulse 
oximeter, and measuring device. 

ATS Committee on Proficiency Standards for Clinical Pulmonary Function Laboratories. Respir Crit Care Med; 166:111-117, 2002
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Resources and Tips



Calculators

• “Get Moving” Calculator, calculate calories expended during physical 
activity: https://caloriecontrol.org/healthy-weight-tool-kit/get-moving-
calculator/

• “Burn Meter”, Calculate your daily calorie needs: 
https://www.verywellfit.com/how-many-calories-do-i-burn-every-day-
3495464

• Basal Energy Expenditure: Harris-Benedict Equation: http://www-
users.med.cornell.edu/~spon/picu/calc/beecalc.htm

https://caloriecontrol.org/healthy-weight-tool-kit/get-moving-calculator/
https://www.verywellfit.com/how-many-calories-do-i-burn-every-day-3495464
http://www-users.med.cornell.edu/~spon/picu/calc/beecalc.htm


Assessment Tools

• Measuring Physical Activity Intensity: 
https://www.cdc.gov/physicalactivity/basics/measuring/index.html

• The Ruffier Functional Test: http://www.aos.sk/struktura/katedry/utv/ruffierang.html

• The 4 Stage Balance Test: 
https://www.cdc.gov/homeandrecreationalsafety/pdf/steadi/4_stage_balance_test.pd
f

• Hamilton County Fall Prevention Task Force – Evidence-Based Assessment Tools: 
https://fallpreventiontaskforce.org/resourcetools/screening-assessment-tools/

• Sit and Reach Flexibility Test: http://users.rowan.edu/~robbinsj1/Flexibility.html

https://www.cdc.gov/physicalactivity/basics/measuring/index.html
http://www.aos.sk/struktura/katedry/utv/ruffierang.html
https://www.cdc.gov/homeandrecreationalsafety/pdf/steadi/4_stage_balance_test.pdf
https://fallpreventiontaskforce.org/resourcetools/screening-assessment-tools/
http://users.rowan.edu/~robbinsj1/Flexibility.html
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